significantly affected compounds were part of the amino acids class, indicating amino acid abundances resulting from either low pH, low DO, or the combined low pH and DO treatment 2 2 3 ( Fig. 5a-c) , suggest different amino acid metabolic pathways are affected in response to each 2 2 4 factor or combination of factors.
5
Specific to low DO treatment response compared to the normoxic treatment, energy 2 2 6 conservation pathways appear to be most affected (Fig. 5a) . The increased lysine with 2 2 7 decreased pipecolinic acid and the piperidine derivative piperidone abundance is suggestive of 2 2 8 downregulation of the lysine degradation pathway 31, 32 . The decreased abundance of both 2 2 9
cysteine and the cysteine homodimer, cystine, suggests that cysteine catabolism is upregulated.
This coupled with the increased abundance of glutamic acid suggests the glutathione synthesis 2 3 1 pathway could be downregulated, as both cysteine and glutamic acid are precursor molecules in 2 3 2 glutathione synthesis 33, 34 . Glutathione itself was not detected, but is typically challenging to suggesting purine and pyrimidine metabolic pathways could be downregulated 37 .
3 8
Specific to low pH treatment response compared to ambient pH treatment, ATP 2 3 9 generation pathways appeared most affected (Fig 5b) . The decreased abundance of aspartic homoserine synthesis are likely stalled 46 in response to combined low pH and low DO exposure.
This overlaps with the decrease in homoserine abundance and decrease in cysteine synthesis products (cysteine and cystine) observed in low DO treatment ( Fig. 5b-c) . We used metabolomics to explore how the Dungeness crab might respond to the Cancer magister megaolopae were collected from a single site in Puget Sound (47.950232, - the seawater flow-through system was about 2 hours. Megalopae were held in individual 250 mL customized jars on Mobile Ocean Acidification
Treatment Systems (MOATS). These systems flowed one-micron-filtered, UV-sterilized, Puget
Sound seawater maintained at 12°C. Prior to flowing through jars, seawater was degassed and
oxygen, nitrogen and carbon dioxide gases were resupplied to finely control dissolved gas sampling of water for dissolved inorganic carbon and total alkalinity, and by bi-weekly indicator dye. MOATS chemistry parameters were automatically adjusted through a data-driven 3 6 0 feedback system. Megalopae were fed Artermia salina (San Francisco Bay brand) at a target 3 6 1 concentration of 1 nauplius per mL every 3 days. Once megalopae transitioned to the first 3 6 2 juvenile instar, they were fed small pieces of squid. Upon transitioning to the second juvenile
instar, crabs were held on the MOATS for an additional 48 hours post-molt in attempt to reduce variation due to potential stochastic physiological processes associated with molting 61,62 .
Mean and standard deviation calculations for pH, DO, and temperature ( analysis because these were out of the achievable range for the equipment used and were
indicative of a thermistor malfunction. Total alkalinity (TA) and salinity were discrete samples with 50% acetonitrile, and samples were again concentrated to complete dryness. 15
mg of each sample preparation was used for metabolomic profiling. For lipidomic profiling, 15
mg of the same sample preparation was also used to which internal standards, C8-C30 fatty 3 9 2 acid methyl esters were added. Aliquoted samples were derivatized with methoxyamine (trimethylsilyl) trifluoroacetamide (Sigma-Aldrich) for trimethylsilylation of acidic protons. Metabolite and lipid data acquisition
General metabolite and lipid abundances were quantified from derivatized samples by gas-
chromatography, time-of-flight mass spectrometry (GC-TOF/MS) and charged-surface, hybrid- at 50°C for 1 minute and then ramped at 20°C/minute to 330°C at which it is held constant for 5 4 1 2 minutes. The transfer line temperature between gas chromatograph and mass spectrometer with resolution 20,000 was used. Electrospray ionization was used to ionize column elutants in 4 1 9 both positive and negative modes. Compounds were separated using a Waters Acquity ultra- temperature, a flow rate of 0.6 mL/minute, an injection volume of 3 uL, an injection temperature 4 2 5 of 4 C, and a gradient of 0 minutes 15%, 0-2 minutes 30%, 2-2.5 minutes 48%, 2.5-11 minutes PLS-DA components 2 and 3 ( Supplementary Fig. 6d -e) since these gave the best separation altered treatment groups (Fig. 1c-d) . The points of diminishing returns that importance Table 8 ). The mean decrease in prediction accuracy for each 4 8 9
MetaboAnalyst (Supplementary
compound was ordered from largest to smallest and plotted ( Supplementary Fig. 7c-d) .
Importance thresholds were drawn from the plots at the points of diminishing returns, which for Comp. Biochem. Physiol. Part A 51, 439-447 (1975) . 
